Introduction
The reconstruction of anterior cruciate ligament (ACL) is a very popular surgery in the world. This procedure is performed more than 200,000 times per year in the United States of America only, while in Vojvodina we perform around 300 reconstructions annually [1] .
Today it is known that this procedure is safe with a high success rate (70-95%) [2] . The increase in the number of anterior cruciate ligament reconstruction causes the proportional increases in the number of revision surgery caused by complications which are incurred during and after primary ACL reconstruction. The necessity for ACL revision arises from inadequate preoperative preparation of patients, surgical technique mistakes which include graft incorporation mistakes and infections , and postoperative complication [3, 4] .
Intraoperative graft contamination during the reconstruction of the anterior cruciate ligament is a phenomenon which every surgeon can encounter during the surgical procedure. This phenomenon is not so common, but it is a potential threat to the outcome of surgical treatment which makes surgeons doubtful regarding its further treatment [5] [6] [7] . The sharp increase in interest in the appearance of intraoperative graft contamination occurred at the turn of this century when a graft accidentally fell on the operating room floor during the surgical procedure after it had been harvested [8] . As many as 25% of the surgeons who have performed ACL reconstruction admit that they have had this type of accident in their practice and 75% of them chose graft decontamination as a treatment during ACL reconstruction, 18% chose graft harvesting and contralateral graft preparation, which can often result in a functional disability of the patient, whereas only 7% of the surgeons used allograft in that situation [9] . This intraoperative accident is a demanding and challenging issue, which is primarily related to the occurrence of postoperative infection, and the possibility of intraoperative graft contamination treatment within its prevention [10] .
It has been shown that intraoperative contamination can be caused by pathogens from the nose or on the skin of the patient breaking through the barrier of aseptic surgical field as well as by airborne pathogens in the operating room, by the people present during surgery and their movement. It can also be induced by surgical smoke created during electrocautery and laser ablation of tissue by means of ultrasonic knifes as well [11, 12] . The risk for intraoperative contamination is increased by inadequate manipulation during the preparation of the operative field, especially if surgical instruments at this point are unpacked and prepared on the operating table [13, 14] . This is a sufficient indicator for the necessity of intraoperative treatment of contamination.
The aim of this study was to determine the possible existence of intraoperative graft contamination and to correlate it with the duration of surgery, as one of the possible factors of influence on its incidence. The hypothesis was that the extension of the duration of the surgical procedure increases the incidence of contamination.
Material and Methods
This research was conducted as a prospectiveretrospective study at the Department of Orthopedic Surgery and Traumatology, Clinical Center of Vojvodina in Novi Sad during the period of two years (from January 1 st 2014 to December 31 st 2015). The study sample consisted of 200 male and female patients, between the ages of 18 and 45, who had unilateral complete rupture of the anterior cruciate ligament of the left right knee. The diagnosis was confirmed by clinical examination and/or nuclear magnetic resonance (NMR). The reconstruction of the anterior cruciate ligament was done with either of two types of grafts: bone-tendon-bone (BTB) or hamstring graft. The surgery was performed in operating room with a protocol of cleaning before each procedure, which was validated by the local committee of hygiene. The skin preparation was performed using 4% povidone-iodine solution. Regardless of the type of the ACL reconstruction, the same proto- col for antibiotic prophylaxis was used, i.e. secondgeneration cephalosporins. Every single graft after the harvesting was adequately designed, and then left on the operating table until the moment of its implantation. Immediately prior to its implantation, the swab of every graft was taken, and then cultured on blood agar. After 24 hours of incubation, the results were read. Furthermore, the duration of surgery was measured from the moment of skin incision to the moment of setting up the last skin suture.
Results
One of the two operating techniques was used for primary unilateral reconstruction of the anterior cruciate ligament of the knee in all patients (200) included in this research.
BTB graft was used for the reconstruction of the torn anterior cruciate ligament in 169 (84.5%) out of 200 patients, while only 31 (15.5%) patients underwent reconstruction of ACL with the hamstring tendon graft. During the surgical procedures, the swab of every graft was taken. In 33 cases the cultures were positive, and the incidence of graft contamination was 16.5%. Out of 33 patients with positive findings, 27 had ACL reconstruction done with BTB graft, while the rest 6 reconstructions were done with a hamstring tendon graft. Proportionally, graft contamination was approximately equally distributed in these groups: BTB 27/169 and hamstrings 6/31.
The most common cause of contamination in positive swabs was coagulase-negative Staphylococcus, isolated in 24 (72.7%) patients, whereas Staphylococcus aureus was isolated in swabs of 6 patients (18.2%). Acinetobacter was found in 2 swabs (6.1%) and and one patient was found to have Staphylococcus viridians (3%).
In the group of patients who underwent BTB technique, average time from the moment of graft harvesting to the moment of its implementation was 17.26 minutes. Graft exposure time in the patients who underwent ACL reconstruction with hamstring tendons was 19.21 minutes. The average graft exposure time, regardless of the surgical technique used, was 18.91 minutes. In patients with BTB graft, graft exposure time was significantly shorter than in those patients with hamstring surgery. This result was expected since longer time is required for preparing hamstring graft compared to BTB graft.
The average duration of surgery in our sample (n=200) amounted to 55.15 minutes. However, the operating time in the group of patients with positive swabs was 66.82 minutes, but only 52.84 minutes in the group of patients with negative swabs. When we compared the operating times between these two groups, we found a statistically significant difference (p<0.5), meaning that duration of surgery was significantly longer in the group of patients with positive swabs.
The prolonged duration of the surgery in most cases related to the execution of ligamentoplasty combined with meniscectomy of one meniscus, or the existence of associated injuries of the anterior cruciate ligament and one of the menisci. An associated meniscal injury was present in half of the patients. In the group of patients with positive cultures, 23 (71.9%) required ligamentoplasty associated with one of the meniscectomy. In contrast, in the group with negative cultures, ACL reconstruction associated with meniscectomy was performed in 46.1% of cases, while in the remaining 53.9% only ligamentoplasty was required.
Discussion
There is no clear consensus about graft contamination incidence. According to data found in literature, it ranges between 10 and 50%. In our study, graft contamination was registered in 15.5% of patients, which is similar to the results reported by Hantes et al. [6] . They found that the average incidence of intraaaoperative graft contamination was 12%. Furthermore, they showed that contamination was greater in the grafts obtained from the hamstring tendons because of the longer time required for graft preparation. According to their data, contamination of the BTB grafts was only 10%. Badran et al. [15] reported the incidence of contamination to be 16.7%, while it was as much as 23% according to Plante et al. [16] .
Gavrilidis et al. [17] who investigated the possible causative agents of septic arthritis after the reconstruction of anterior cruciate ligament with the hamstring tendon graft, used the similar method. They took graft swabs immediately prior to its implementation. Graft contamination on their sample was 10%. Vertullo et al. [18] published that coagulase negative Staphylococcus was the main cause of contamination in 75% of cases. Barrios et al. [19] recognized that Gram-negative pathogens were responsible for the occurrence of contamination in 80% of cases during the examination of bone allograft contamination in 987 patients. We also showed that the same pathogen was responsible for graft contamination. Staphylococcus spp coagulase negative was isolated in 24 cases (72.7%), Staphylococcus aureus in 6 cases (18.2%), Acinetobacterin in 2 (6.1%) and Staphylococcus viridans in 1 case (3%). A high incidence of isolated coagulase-negative Staphylococci was reported not only in our study but Sajovic et al.
[20] also showed that Staphylococcus spp. coagulase negative was the main cause of contamination in 93% of their cases.
The duration of surgery in our study proved to be a vital factor that may cause the graft contamination. Babcock et al. [21] examined the reasons of postoperative infection following knee arthroscopy and they concluded that meniscectomy combined with ligamentoplasty prolonged duration of the surgery and increased possibility of graft contamination incidence. Prolonged duration of surgery causes greater graft exposure to the air, and greater graft contamination incidence. In this study, the patients with positive swabs had a longer duration of surgery. In most cases (71.9%), those were the patients who had ACL and meniscal injury together, and they underwent ACL reconstruction and one of the meniscectomy as well. Hantes et al. [6] analyzed the degree of contamination of the graft, depending on its type. They proved that the average contamination of BTB auto-grafts, due to less exposure to the air during processing, was 10%, while the contamination of the hamstring tendons graft was a bit more frequent and amounted to 13%, which was directly associated with a prolonged exposure to the air.
Although the time of BTB graft preparation is significantly shorter than the time needed for hamstring tendons graft preparation, the time elapsed from the moment of the beginning of the graft preparation to its implantation was not significantly different between these two groups. There was no statistically significant difference in the incidence of contamination in relation to the type of graft.
Statistical differences are related to the time required for the graft preparation. They concluded that the time from the start of graft preparation to its implantation is a key factor for the occurrence of contamination.
Conclusion
According to the results of this study, statistically significant difference was found between the duration of operation with bone-tendon-bone graft compared to the hamstring tendon graft. Furthermore, a statistically significant difference in graft contamination was found between the bone-tendon-bone and hamstring group. The results of the study clearly show that the incidence of graft contamination is significantly higher in case of prolonged duration of the surgery. This is primarily related to the association of ligamentoplasty and meniscectomy within the same procedure, which is related with prolonged duration of the surgery as well as prolonged graft exposure to the air.
